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Z ITTTiulPACT-RESISTANT FLAME-RETARDANT RESIN 

(54) GRAFT COPOLYMERS AND "?!!*~ T ™ E 
COMPOSITIONS CONTAINING THE SANlt 



(57) The present invention provides a polyorganosi- 
loxane-containing graft copolymer = to 10 Darts 

which is obtainable by polymerizing 0-5 " * ' 
by weight of a vinyl monomer (B) comprising 1 ou 
by weight of a polyfunction^ monomer (b-1 ) c ° n ta " ™ J 
two or more polymerizable unsaturated bon f„J" rti _ 
presence of 40 to 90 parts of polyorganosiloxane p 
cles, 

followed by further polymerizing 5 to 50 parts by 
weight of a vinyl monomer (C); , umer 
Apolyorganosiloxane-containing Q^n c ° P °£ Darts 

which is obtainable by polymerizing O to i v 
by weight of a vinyl monomer (B) comprising 1 uu lo 



by weight of a polyfunctions! monomer contam.ng two 
or more po.ymerizable unsaturated bonds ,n the pres- 
ence of 30 to 95 parts of a polyorganos.loxane in a latex 
form as obtained by seed polymerization, «J . - 
seed polymer, a hydrophilic polymer capable of swelling 
in the corresponding organosiloxane, _ 

followed by further polymerizing 5 to 70 parts by 
weight of a vinyl monomer (C); 

a flame retardant which compnses sa.d copoly- 

mer ' Tresin composition which comprises said retard- 
ant and a thermoplastic resin. 
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Description 
TECHNICAL FIELD 

W T tep ^ enUnrenlton , (la ^^^ 
retardant resin compositions containing the same. 

BACKGROUND ART 

r0002i n • • „nr B heat resistance and electric characteristics, among others, thermo- 

PbstL 9 t0 th6ir QOOd imp3Ct ns ale widety used as materials of electric and electronic parts, OA (office 
plast.c resins, ,n particular polycarbonate resins, ar wme y usea mater ials. Polycarbonate resins, though 

indents and the .ike and. therefore. 



Jjh inflame retardancy as compared witnP^^ 
- attemp rhaV? ^ 38 ^ ^."SST -Sdancy bidding various flame retardants. Thus, for instance, 
thSLn i " 10 impr ° Ve Tl orq ^ 

orLnn?? or 9 an °halogen compounds or or 9 an ° P P ds ^ a b|em from th e toxicity viewpoint. In part.c- 
t sa ^ 

the demand T h f 0f or 9 anohal °9 en C °^s free flame retardants has been increasing in recent years. 
20 00031 The S hal ° 9en - free and ph0Sph0 ^ e compounds (also called silicones) as halogen-free and phosphorus-free 
flamee^^^ 

of a Z " ^ bee " pro P° sed " F ° f r 2n vvith a non-silicone polymer gives a flame retardant resin. 

- So^r^r^ J herm °P' astiC r "s S^esSra^ethod of ^ fiame retardant resin compost 
Lfwhict™ 

etardancv but th " * S " iC ° ne reS ' nS ^Tnory When the addition level is increased to fill up the shortage, a problem 
iuced bv oS * , K ° ka ' Pub,i ^«°" 20 °°- 1 ° er onto a composite rubber composed of a polyorganos.loxane rubber 

P^SS^T^"^^^^^ Polyorganosiloxane and a vinyl polymer in thermoplasbc res.ns^ 
[00107 Jail! ^ ^ ar ° matic 3 roup - C °^o35 describes that flame retardant resin compositions can be obtamed 
^TSn^ fa ' ton ^^SSJno.toc.n^rt-nlnB graft copolymer prepared by graft copoly- 
merizafon of 3 v' ln , ,hemi0 P |as «c resins, a P°£°, * xane particles not larger than 0.2 jun in size. 
■' [00 « Thl y m °" 0mer ont ° P 0 ^ 0 " 93 " HeSibed in the above-cited Japanese Kokai Publication 2000-1 7029. 
Japanese ^SST^^ Japanese Kokai Publication 2000-264935 all indeed show satisfactory 

dancy-impac, resistance balance is poor. 
SUMMARY OF THE INVENT/ON 

[00121 itfean u- to orovide a polyorganosiloxane-containing graft copolymer utilizable 

as . I L^enZl S? PreSent '"^""^anSnt and excellent in flame retardancy and impact resistance ,m- 
Provin^ P a h ° SPh0rUS - free ^^^Jin composition excellent in flame retardancy and impact resistance 
usina the nraft a " am e-retardant ' e 

[0013] T^r D rTr l r ,ermenti ° ned ab ° VS - - ~ investigations concerning the above subject and, as a result found 
hat a specific Zt mt>nt0rS made i" tenS ' V r Sft copolymer is excellent in flame retardancy and impact res.stance 
'^^IS^TT ane ^ ontain, ' nS imposition excellent in flame retardancy and impact resistance can 
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>» «W „ y tow ,„ en9 m p^n^~~ a ra<t eopolyma, In . —P—> »* — - 

"»*«. tae,naft., the same sl.aH «* " ^ilg h»o „, more potym.rlzable unsaturated bonda 

KSa„,ai to< , nra „ Blni „ g graft copo'V"*' >«ordi™ 9 to Claim 1. 
. 2) . -.'.inmepo^auo*^^^ 

where n the polyorganosiloxane P articl fj* 0 ymer according to any of Claims 1 to 4. 

wh e ? e tr anOS, ' l0Xane - COntainin9 SIS Sone monomer seLed from the group consisting of aromatic 
omers (Claim 5)- 

6 " 'n 1 "*'* 1 h fc th«n,opL«cres,n («*£ ^ 

a nn , „i v mer which is obtainable by polymerizing 0 to 1 0 parts by weight of a 

vinvl m ° r9anOSi,OXane - Containing gr3ft S£bv weight of a polyfunction^ monomer (b-1) containing two or more 
pXeZT (B) ° 0mpn ' Sin 9 1 °° *2 n^o 50% b" weight of anther copolymerizab.e monomer (b-2). in the pres- 
11 ?^ b ' e „ UnSafurated ^nds and O tc » 5 O * y 9 _ olyorganosiloxane (A2 ) in a latex form obtainable by seed 



swelling in the corresponding organosi- 



enT^ 
PoiymerSStt 

of the seed po t " ° * by W6 f id polymer, followed by stirring at 23 -C for 1 hour and 

wherein "\ a dry state - "> the d °L * degree of swelling in the organosiloxane that the rate of swelling by 
volume as dl™*!? ShowS SU °^ the latex particle diameter after stirring and the latex particle diameter 
befo^S TJ? m tati0 betWe "" e oianosiLne, in an amount 50 times by weight that of the dry seed 
polymer. E2£i52 Jf by stirring at 23 °C for 1 hour (Claim 10); 
the Llln latex ' fo ' ,oWe « Copolymer according to Claim 9, 

2*^*9 ^ ^eeofhydrophilid^thattheextractionrateofwat^ 
in dry se ed p 0 has SUCh * determined after adding water, in an amount of 20 weight-times that 

of the seed 2ST t0 by weight * * ed polymer, followed by stirring at 23 "C for 1 hour, and 

where' '? State ' t0 ^ « degree of swelling in the organosiloxane that the rate of swellmg by 
volumfas "I™ ?Z° ,ymer Sh ° WS sUCfl trfe ^atex particle diameter after stirring and the latex particle diameter 
before lhe rati0 betv^e^n tr,e ^ o P jioxane h an amount 50 weignt . times that of the dry seed 



3 



EP 1 475 396 A1 

omers (Claim 12); 

wn^^ 

'0 [0017] The resin composition according to Cla.m 14 

wherein the thermoplastic resin is a polycarbonate res,n (Cla.m 15). 

DETAILED DISCLOSURE OF THE INVENTION 

5 First Aspect of the Invention 

tamable by polymerizing 0.5 to 10 parts of a v.nyi monom u V . ft , ferred t0 as -polyfunctional monomer 

(C), with the sum of (A1). (B) and (Cj ►> ^^^Sj^ a volume average particle diameter of not less than 
» 0 00 L T n °K Sil ° Xa r P3 than 0 01 im. as determined by light scattering method or e.ectron microscopic 
0^008 um, more preferably not less than ,0.01 urn y ferab| not larger ^ 0 .2 um, most 

observat.on. On the other hand, it is P^tt^S^to obi partides smaller in volume average particle 
preferably not larger than 0.15 um. « ^JTJ exceeds 0.6 um. the flame retardancy tends to deteriorate. 
ST "I"" 0008 ^ andl When the oanSe "dSmeter Xbution (100 x standard deviation/volume average 
[0020 The coefficient of variation in ^^^^SS^ co trolled so that it may amount preferab.y to 
TtowTT (%) f ° f M CoTi SiiC Z moldings roduced from the resin composition containing 
Z lln 7 Pr erab ' y l ° 2 l «S aspect of the invention can have a good surface appearance. 
S021T S£S"I aCCOrd,n9 10 th6 Id impact resistance viewpoint, the polyorganosiloxane particles (A1) preferably 
[0021 From the flame retardancy anc ' m P* C ed b irnmersing 0 .5 g of the particles in 80 ml of toluene at 23 °C 
has a toluene-insoluble matter content (as ^ermine oy im u a preferably not more than 20%. 

nofonlv I ^* he , firStaS f 3eC ° fthe mVe " oslloxane(s) alone but also modified polyorganosiloxane particles containing 

than5% fpolyb c ^ 

2) a and a bifunctiona. silane compound. (4) an organosi.oxane 

inn a 1 r " e com ^ ound - (3) t "nina silane compound, (5) a bifunctional silane compound and a vmylic po- 

lymenzabl! or' yme T b ' e ^'^ZZ^S) « o'rganoslloxane. a bifunctiona. silane compound and a vinylic 
noTvmf m P "°° n,nQ SilanS ^™ moound and the like, and optionally further with an at least Afunctional s.lane 
polymenzable group-containing silane js , silane comp o Und having a total number of two of a hydroxyl 

SZS . hV The ; b J fUnCti0na ' Si,an ? s reach b^und to a itS atom. The "aUeast trifunctiona. silane compound" 

mZ s ( ;^^ 

fooSr S^f h° 3 Si,iC °! 1 at ° m - n , ilo xane and bifunctional silane compound are components constituting the 
[0025] The above-mentioned organosilo»™ examples of the organosiloxane. there may be mentioned. 

= ske,e ton of the polyorganosiloxane ^^^^^^ (D4), decamethy.cyc.opentasiloxane 

^L^XT^ k0tmr Z 0 ^ the bifunctional si,ane compound - there may be me ? IT 

d SSna i Tth eX f ^ e aiphenyldimethoxysilane, diphenyldiethoxysilane. 3-chloropropylmethyld- 
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^Phenywiethoxysrtane 1Z or the like « J^^J^Sung si.ane compound is component for introducing 
Sc el' ab ° Ve - m « d ^ins and r a terminus or termini of the copoiymer by copoiymerization w,th 
the above I ym r 2ab ' e 9rau P in '° ^SonaT silane compound, at least Afunctional silane compound and/or the 
ke and '° ned or9anosiloxane ' "*f s °v e as an active site for grafting in chemical binding with a vinyl (co 
t V ' ny,ic Po'ymerizable group se "* nomer(C)men tioned later herein. Furthermore, it is a component 
19 ^^^^^^^^r grafting in the manner of radical reaction induced by a 
radica n , " 9 3 Cr ° SS,ink ,hle of serving also as a crosslinking agent. On that occasion, the rad.cal 

X S mer,2ati ° n init, ' at0r thUS can be used in the gran po.ymerization to be mentioned later herein. 

fp ™^ iS " P0SSib ' e ^ SUCh ^ P3rtly rema ' n 35 

15 fTo271 Sit r^° r9r f in9 - . emen tioned vinylicpolymerizable group-containing silane compound, there 

CblmentL^^ 

ysi/ane T m !°" ' f™" 9 ° therS ' ^ Sne rmethacryloyloxypropyldiethoxymethylsilane. ^acryloyloxypropyld- 
S ho 6 ;^ like (meth)acryloy.oxy group-containing silane com- 

pounds D V T > k ne ' ^ acr ytoy ,ox yP r ° pyl ' D-vinylphenyltrimethoxysilane and like vinylphenyl group-contammg s.- 
20 lane ^^ I ^^ e,h ^^^ vinyimethoxysilane, vinyltriethoxysilane and like vinyl group-contam- 
mg sfene Trn ' Vmy,meth y' dimeth0Xy f; 1 "Jhox^silane, mercaptopropyldimethoxymethylsilane and l.ke mercapto 
group SntaTn7T dS ' merca P toprOPyU a these (math )acryloyl oxy group-containing silane compounds, v.nylgroup- 
ooZZ sZlT neC ° mpoundS - Am ! D fo grrup-containing silane compounds are preferred from the econom.ca. 
viewDo' t """pounds and mercapw y 

25 10028] "in ca^ , mned vinylic polymerizable group-containing silane compound is of the tri- 

alkoxvsij" f S Wh6re tne above-ment-oned y J compound men tioned below. 

loZ't t' " S6rVeS a,so as the 3t ' oound is used as a component for introducing a crosslinked structure ,nto 
"e PC via * r 1 tr,fUnCli0na ' si,ane Wm 'me wl h rubber elasticity as a result of coporymerization thereof with the 
aboS ,men a o ne S 2° Xane PT ° M KnnZ s^ane compound and/or vinylic polymerizable group-contam.ng s.lane 
30 compound " " ° r9anosilo ^ne. b.funct.onal s. polyorg anosiloxane. As specific examples, there may 

be « ' ed T? 90therSl name,y aS 3 Cr0S fH 0 xTsNane, methyltnmethoxysilane. ethyltriethoxysi.ane. 3-glycidoxypro- 
py Jme T etraetn ^s//ane. methyltne h °*^ g ioropropyltrimethoxysilane. octadecyltrimethoxys.lane 
zXlZSlT he P ta ^caf,uorodecyltnm-t^ ° £ ' nQS Am P on P g y these . tetraethoxysilane and methyltriethox- 
ysilane are ' - 11 " ^™°« ai aUt< ^t efficiency of crosslinking attainable therewith. 
35 rooa!] t fhfn?' y US6d View of thS ^fJve-menLned organosi.oxane. Afunctional silane compound, vmyl.c 
polymerizab ^ / ymerl2ation thereof ' ^ Zand and at least trifunctional silane compound are generally used ,n 
propoS sue ^T^ 9 si,ane b functional silane compound (the ratio between the organos.loxane 

and wCc ion i i! af ° r9ano * xane being 100/0 to 0/100 by weight, preferably 100/0 to 70/30 by we.ght) 
amounts to Tot oo of C ° mp ° Und ^^ll si the vinylic polymerizable group-containing si.ane compound to 0 to 
* 40o/ 0 P efe° ra 5 ° tO 0 99 9 J • drably 60 to ^"f ^'Jtiona. silane compound to 0 to 50%, preferably 0 to 39%. The v.ny c 
po/yme Sbt y ° 3 ° % ' and * ,e3St ^nd and at least trifunctional silane compound do not s.muRaneously 
amountto0% ^T^ 9 ^ ne c0 ^^f*^rably used in an amount of not less than 0.1%. 
[0031] When ,h ^ °" e of fnem iS P JSoned organosiloxane and/or Afunctional silane compound .s too small, 
'he resin ^^"'^^^ling *e resu.ting copolymer therein tend to become brittle. When the 
5 Pro P oZTZeT ° btained by inc0rP ° r fn% polymerizable group-containing si.ane compound and/or at .east 
trifunctiona sil ne r 6 ' ^ am ° Unt of 'Qfvely small and the effects of using these tend to be hardly produced^ 

Furthermore ^1?°^ b6C ° meS ^^ve-mentioned vinylic po.ymer.able group-containing s.lane compound 
and/or at least ™T„ J Pr ° POrt, '° n of the ^ - too small, the flame retardancy-causing effect becomes unsat.sfactory 
and, when a rjx c . a ' S ' lane ^P 00 ^ SJS stained »V incorporating the resulting copolymer there,n tend to 
become brfttta SS ' ve ' tne resin M mpO s,t, ° 

[00321 Th«!'K ane particles (A1) are preferably produced, for example, by emulsion 

polymerizafon 5r menfi ° ned P^anO***^ L° components, such as the organosiloxane. bifunctional silane com- 
pound oS ^cp^Z 9 S Wane ' f0 ^^ 9 Si ^" e COmP ° Und ' 0Pti0na " y Wfth ^ 31 ' eaSt 
Sj U ^ h a e V b dd ^ accordi n9 a tone 9 ed UF> " C ^^rization may be carried out by emulsifying and dispersing the above 
PolyorganosLxVn , ment, ° ned ernu,si °r. P° r in the presence of an emulsifier by means of mechan.cal sheanng 
andmar n gtr s t 0rmin9COmponents ^ e n^ulsiondrop.etsnotsmal.erthanseveralmicrometersareprepared 
by means oSf When ' in th «' s v 2rage particle diameter of the polyorganosiloxane parties (A1) ob- 

cnanical sneari ng, the voforrs^ & 
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tai„oH » , . ntmlled within the range of 0.02 to 0.6 tim by varying the amount of the emulsifier 

[0034] For producing polyorganosiloxane pamcies noi ,a ^« «" , ., t 20 o /o portion of a n emulsion 

« ^P^-rizationispre^biycarriedoutm 

sheanng of the above-mentoned P 0, y° r 9 an ° dic ^j^ns, the remaining portion of the emulsion is added and sub- 
237 r U ' Si0n po| y meri2at, ° n ""Jo pTyorganosiloxane partfc.es obtained, which serve as seeds. It is 
jected to polymerization in the presence of th po p h thus-obtained polyorganosiloxane 

oa°S e t0 T ^ To U S dTamete o coefficient of variation in partfcle 

particles may have a volume average pajde d.ame«r ^ mu ,ti S tage polymerization, the 

d.ameter distribution of 10 to 60%^ ^J^^ZSJ.^S (co)polymer obtained by ordinary emulsion 
muUistage polymerization is carried ori " "T^ ™ acr y.ate, metty methacrylate), which is(are) used on the 
polymenzat.on of a vinyl monomerfs (e.g. of the pol y 0rganosi ,oxane particles serving as seeds. 

STiK 1 P °*r r * ati0n , 9 emui amount, in I manner such that the polyorganosiloxane 

Inn r h 1 P S ' ble *° COntr0 '' bV , Sained may have a volume average particle diameter of 0.008 to 0.1 pm w.th 
£S - 10 * 50% - The above-mentioned emulsion droplets not 

L*lrT ? Part hToreoared by using a high-speed stirrer, for example a Homomixer. 

20 003* a ?H SeV K era ' m, ' CrometerS 'l^rnTrStion. an emulsiL which will not lose its emulsifying ability under 
1 6 above - mentio " ed emU,S '°" Se ^erTmay be mentioned alkylbenzenesulfonic acids, sodium alkylben- 
ac ldl c cond,t,ons is used. As specific exa mple. *«^*f^ um (di)a|k | sulfosuC cinates. sodium polyoxyethylene 
zenesulfonates. alkylsulfonic acids. ^"^^^JS £ These may be used singly or a combination of two or 

« sod um aSuL t T" 9 aCsulfosuccinates are preferred in view of the relatively high emulsion sta- 

C E^JSS^pSSSl « a-Mbenzenesulfonic acids and alkylsulfonic acids, since they a.so 

[0036] The acidic condition can be obtained oy aaa '"9-J° » alkylsulfonic acid ortrifluoroacetic acid. 

rows! 0 Undp' Preferab,y 7 °A° n^ne Si-O-Si bonds forming the po.yorganosiloxane skeleton are in a state of 
* eouiiLm beir T "** ""flation and this equilibrium varies depending on the temperature. Therefore for 
stab Snn ,h ? eaVa9e and f °„ * the system is preferably neutralized with an aqueous solution of an alkali. 
^tTjSuTr?™?* 0 ™* Cha, h vd^xS or sodium carbonate. Furthermore, as the temperature lowers the 
such as sodium hydroxide, potass.um hydro* 1 wjth . high . m0 | e cular weight and 

ah^^ 

« the svstem 3 fl k ' n9, S ° that ' f ° °Son of the polyorganosiloxane-forming components at 60°C or above ,s 

S^cSdT"*" 8 ° Ut P °' ym or S ow and. aL about 5 to 100 hours of standing, it is neutralized. 
ST Th^L K r ° 0m tem P erature ° lo b x Tne particles (A1), when formed, for example, by polymerization of the 

rn^"° T b,fUnCt, ° nal S ' ,a oolvmerizable group-containing polymer generally resulting from ran- 

« ^Zl^Tr^' ° CCUr 33 % Z Z tTeasSn?«ona?si.ane compound is used in the copo.ymerization, the 
pS5ta£T£Tr ? C , aS6S Wher ^ct U re. When cross.inking is effected between vinylic polymerizab.e groups ,n 
the manner of IT? * * t T a radical polymerization initiator as used on the occasion of graft polymeri- 

zation X ^ f rad,Ca . reactlon usi "9 sUC . h * product has a crosslinked structure resulting from chemical bond.ng be- 
zabon. wh ch ,s mentioned later herein, the proa polvmer izable groups remaining unreacted. 

« rmo/'^ Tr eri2ab ' e 9rOUPS ' W,th , monomer (T) and Syl monome'r (C) onto the polyorganosiloxane particles 
To ve of the viny' ^° n ° r m ft ^ 0 , * tne poly merization of the vinyl monomer (B) and vinyl 
J ,V6S p °'yorganosiloxane-conta. "'"JJ™, ^ particles , there are also produced, as byproducts, the so- 
SSl^w PreSenCe ° f thB P ° ^n? rjSn^^S. branch components (herein polymers of the vinyl 
^"(SaZlT^ reSU ' tin CnTJthout their grafting onto the stem component (herein the polyorganosi- 
« Zne D aSi ?A^K° n0mer (C>> t ^ obtained as a mixture of the graft copolymer and free polymer molecules, 
oxane particles (A1)). The product is thus odw thpsf> both soecies are collectively referred to as the graft copolymer. 
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he * 6 9raft ^'V™ preferab '^vC for 48 hours) of not less than 80%. more preferably not less than 85 /o 
tne graft copolymer in 80 ml acetone at 23 o m 
* ££7 °rf ° d flame retardant eff6CtS 0b ^e a r B s used for enhancing the flame retardant and impact resistance- 
[0043] The above-mentioned vinyl ™"<f e p ( ! 100 10 80 %, more preferably 100 to 90%. of a polyfunct.onal 
proving effects, it comprises 100 to 50%. jjj* J° s ° a ™°' bonds P gnd 0 to 50%. preferably 0 to 20%. more 
monomer (b-1) containing two or more P*2j£E£^Ln the proportion of the polyfunctional monomer 
Preferably 0 to 10%, of another «fctfl^^^ > excessive , tne graft copolymer finally obta.ned tends 
10 k J Sma "' or when tne c °P° lyme H resistance 

lirrK leSS effeCt,Ve in im P r0Vin9 t^SpoIS containing two or more polymeniable unsaturated bonds 
[0044] The polyfunctions monomer (b-1) « ' " J^J^ be mentio n ed ally , methacrylate. tria.lyl cyanurate. tnallyl 

omers such as acrylonitrile and methacryton^ «J nydr oxyethyl acrylate. hydoxybutyl I acr- 

* £ e meT aCry,ate> bUty ' acry,ate ' 2 irKS^ lau *' -^acrylate. g.ycidyl methacrylate and hy- 
S e ?h y T haCry,ate - elh >" meth3Cry o con Jning vinyl monomers such as itaconic acid. (meth)acryl,c acd. fu- 
droxyethy, methacrylate. and carboxyl 9™?*°?*" J 0 or more of them may be used in combination. 
ro046, aC '? h and ma,e '" C add These may ^ ier (C ' a component to be used for obtaining the polyorganos.loxane- 
[0046] The above-mentioned vinyl m°n° me ' ( ^ t0 be used for secur ing compatibility between the graft copolymer 
containing graft copolymer. It is also a ^^ ' raft copolymer in the thermoplastic resin uniformly for the .mprove- 
ml 

mentsm flame retardancy and impact resistance ^O PO g ^ ^ ^ mgy bly have 

2S£ V ' ny ' m <» (C) is preferably ■^£S^ mo „ preferably not less than 9.17 (cal/cm^*. still more pref- 
solub (llt y parameter of not less than 9-15 L'i s se °ected so that the solubility parameter in quesfon may be 

30 n 6 0 f' y "° ess tha " 9-20 (cal/cm3)i*. Also P'*^***^ 10 .10 (cal/cm^". still more preferably not more than 
"ITbT u an 3 ^ 5 (CaW > 1/2 . more Prefer *er is Inside the above range, the flame retardancy tends to decrease. 
MM tT ] * Wh6n ,he solubi,ity Para rT\ J*ed using the small group parameters according to the group con- 
0047J The solubility parameter values are j***^ published by Jo hn Wiley & Sons, Inc.. 1999, Sechon 

Jju ton method described in "Pofymer Handbo° ^"y, methacrylate) (regarding the repeating unit molecular 
VII. pages 682-685. For example the value for P°'V 1™ V rte8 ltan3)«| for poly(butyl acrylate) (regarding the 
35 weight as 100 g/mole, and he density as I-^^^JJTTb^B.A^^.^P 0 ^™*- 
repea ng unit molecular weight as 128 g/^' height as^ gTole, and' the density as 1.06 g/cm3) 9.47 [(cal/ 
S i e, / re9ardin9 * he re P eati "9 " nit m ° leC «n q ^ molecular weight as 104. and the density as 1 .05 g/cm ) 9X>3 
[SS^ 0 '^ 6 " 6 (re9ardino thS ^^Winq th repeating unit molecular weight as 53. and the density as .18 g 
>o 5 12 1 2 3 ? d f ° r PO^onitrile (r^d^ P the 9 respective polymers were those described .n Ullman s 
IVJ, J (CaVCm ) ^- Used as the d enS,ty H V b ' VCH 1992, volume A21, page 169. As forthe solub.l.ty parameter 
6c of Jach? 0f | ,^C,UStria, Che ™*V' P ub ' iSh n e oornpone;t was employed when the copolymer weight fraction ,s less 

•hat polymer according to the following equation (D- 

fJc^nWn/SWn (i) 

C ^ - n=l 

n 8888 ■*- 

f0048i Th « _ et er of a copolymer composed of 75% of styrene and 25% of acrylo- 

f °? Xam P ,e - th * ^olubiiity P ara lT s 1ng the solubihty parameter 9.03 [(e.ltem»)^ of polystyrene and the 
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«* .varying the vinyl monomer -^J^Ji '^nyl polymers obtained in the respective stages by the 
respect to the values obtained by dMd mg ^J h *° ™ tne ^ fr^s. Thus, the value 8s of the polymer 

the weight fraction Wi of that polymer according to the fo.lowmg equat,on (2): 



i = Q 



i =Q 

<* s = 2<5 iWi/SWi (2) 
" - 1-1 i=i 



is roowi Th < , „ ori ration was carried out in two stages and, in stage 1,50 parts of a copolymer 

[0050J Thus, for example, when P^ menzaU °^^ was obtained and in stage 2, 50 parts of a polymer of methyl 
composed of 75% of styrene and ^"2^™£^J£Z by Lch two-stage polymerization can be 
methacrylate was obtained, the solubihty Pf 1 ™^ °" Dar ^'T r value 9 95 [(cal/cm^ for the 75% styrene-25% 

copolymenzable monomer (b-2) referring to the vinyi mm 101 v 7 

r0052 b r Thf f° mbination - t - nina qra ft copolymer according to the first aspect of the invention can be ob- 

25 S h J P 0 Vorganosiloxane-conta 1 n.ng gra" P Y ^ rgb|y ^ |ess thgn 2 parts _ bu 

tamed by polymerizing 0. 5 to 10 parts (preferao.y noi y mon omer (B) in the presence of 

preferably not more than 5 parts, -re^^ 

40 to 90 parts (as solid content) (preferably not ^^^^ particle y s (A1) and furth er polymerizing 5 to 50 
not more than 75 parts) of the above-ment.oned £^ a ™*£^ ' but preferably not mo re than 39 parts, 

• Te Sef t' y ,6SS th3n 15 rfZ%™^*(Tso that the to.afamount may become 100 parts. 
Z P .l 3bly " 0t m0re than 38 partS) n^cles(Tl) is too small or too large, the flame retardant effect tends to 

decre^^^^^ is to ° Sma "" the flame "* T? 

decrease ,n e.ther case. When the amount « of the y v ^.^^ ^ ^ ten(js 

resistance .mproving effects tend to decrease and^ when, t^ 

appfed Thu?T 9 k° 3b0Ve 9ra ^ P Tmonome (B) and vinyl monomer (C) can be subjected to radical poymer. 
b T^ 0 P uS 

may be poryrnerized in one stage or in two or more stages. ^ decomposjng „ 

0054 The above radical polymerizat.on can b *°*™ V of b tne method compr ising allowing the 

Lc?on P t? D me ^ L 
0055? a? r 3 r6d0X System "S3 oolymerization initiator, there may be mentioned organic peroxides such 
as cuLnp 6XamP,eS ° f the r3d ! ieSe benzoyl peroxide, tert-butyl peroxyisopropyl carbonate, di-tert- 

ascumene hydroperoxide, tert-buty! hydrope, ox.de 0 yp cyc |ohexanone peroxide, and acety- 

SEZ SlT • bUty ' Pero ^' a - ate ' '^Sc^^-E an'd ammonium persulfate, and azo compounds 
t^zTZSlST PerOX,de . S z obE2.4-dimethy.valeronitri.e, among others. Among these, organ.c per- 

SS? f 7e a abo hyde SU ^'^y ,ene f*™S^^ in an <™ 1 ° f °-°° 5 l ° 2 ° ^ 

preSblv 0 ofrr 6 . radiC3 ' P h vTo^o 5 parts, per 100 parts of the sum total of the viny. monomer (B) 
aZo72*° T S - m ° St P referab ^f of multi-stage polymerization, per 100 parts of the monomer(s) used ,n 
eactstaoe TT\ {C) U " d The radical po.ymenJtion initiator and the amount thereof each may be the 

sameordfffe^ 
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reaction tends to become intensive, making it difficult to produce the des.red graft »po*mw. Jhe 
[0058] A chain transfer agent may also be used where necessary in carrymg out the radical P-J"™*"^ 
chain transfer agent may be any of those generally used in emulsion polymerization <££"-«£*^ '™ S 
[0059] As specific examples of the chain transfer agent, there may be mentioned tert-dodecylmercaptan, n-octylm 
ercaptan. n-tetradecylmercaptan, and n-hexylmercaptan, among others. 

[0060] Although it is an optional component, the chain transfer agent is used preferably m an amount of 0.01 te , 5 
parts per 100 parts of the sum of the vinyl monomer (B) and/or vinyl monomer (C) employed In multistage polymer 
ization. it is used preferably in an amount of 0.01 to 5 parts per 100 parts of the monomer (s) used I in each stage. In 
multi-stage polymerization, the chain transfer agents and the addition leve.s thereof in the **»*2£**W* 
the same or different. When the amount of the chain transfer agent is sma.ler than 0.01 parts, no s>gn.fican^ : eltod can 
be obtained and. when it exceeds 5 parts, the rate of polymerization slows down, hence the production efficiency tends 
to decrease. 

f0061l Generally, it is preferred that the reaction temperature be 30 to 120°C. 

0062 When in the above polymerization, the polyorganosiloxane particles (A1) contain v.nyl.c po ymenzable 
group!.^ 

reacts with the vinylic polymerizable groups of the polyorganosiloxane particles (A1) to form grafts. When thepolyo - 
ganosiloxane particles (A1) have no vinylic polymerizable group, a specific radical initiator, for example tert-butyl per- 
oxylaurate, is used to extract hydrogen atoms from organic groups such as methyl groups each bonded to a s*con 
atom. Then, the vinyl monomer (B) is polymerized by the resulting radicals to form grafts. Furthermore, when the vinyl 
monomer (C) is polymerized by a radical polymerization initiator, it reacts not only w.th the polyorganos ^ an ^. c les 
(A1). like the vinyl monomer (B). but also with the unsaturated bonds occurring in the polymer molecules formed by 
the vinyl monomer (B) to give grafts resulting from the vinyl monomer (C). 

[0063] The graft copolymer produced by emulsion polymerization may be separated from the latex 
or may be used in the latex form. The method of recovering the polymer from the latex may be any of ^ve^onal 
methods. For example, mention may be made of the method comprising adding a metal salt, such as calcium cWonde 
magnesium chloride or magnesium sulfate, to the latex to cause the latex to coagulate, followed by separation, wash.ng 
with water, dehydrating and drying. The spray drying method may also be used. flQma . rota rri a nt rosin 

[0064] The thus-obtained graft copolymer is incorporated in various thermoplastic res.ns to give flame-retardant res.n 
compositions excellent in flame retardancy and impact resistance. 

[0065] Preferred as the thermoplastic resins are polycarbonate resins whose polycarbonate content .s not lessr than 
50%, more preferably not less than 70%. since good flame retardancy can be obtained with them. Specific examples 
of the thermoplastic resins, which are preferred from the economical viewpoint and in v.ew of good tatoMm 
flame retardancy and impact resistance, are polycarbonates (in particular aromatic P°'y carb ° nates \ P ^ 
polyester blend resins such as polycarbonate/polyethylene terephthalate blend res.ns and ^™ bon *™ p °^ e ™ 
terephthalate blend resins, polycarbonate/acrylonitrile-styrene copolymer blend resins. ^ r ^ n ^^^ 
rene copolymer (HIPS resin) blend resins, polycarbonate/acrylonitrile-butadiene rubber-styrene copolyme (ABS res n 
blend resins, polycarbonate/acrylonitrile-butadiene rubber-«-methylstyrene copolymer blend res.ns. P° vcarb °" a ^ 
styrene-butadiene rubber-acrylonitrile-N-phenylmaleimide copolymer blend resins, and polycarbonate/acrylonitnle- 
acrylic rubber-styrene copolymer (AAS resin) blend resins. Mixtures of two or more blend resins may also be used. 
[0066] The level of addition of the above-mentioned polyorganosiloxane-containing graft copolymer to sucn a mer- 
moplastic resin is preferably 0.1 to 30 parts per 100 parts of the thermoplastic resin since the flame retardancy, impact 
resistance and economical efficacy can obtained are good. More preferably, the addition level .s not less than 0.5 parts 
still more preferably not less than 1 part. It is more preferably not more than 15 parts, st.ll more preferably not more 

r0067 5 ] Pa The powder-form flame retardant comprising the polyorganosiloxane-containing graft co P°'y mer * e P arat f? r 
from the latex can be admixed with the thermoplastic resins by mixing using a Henschel mixer or nbbon blender, for 
instance, followed by melting and kneading using a roll, extruder or kneader, for instance. 

[0068] On that occasion, one or more of additives in general use. namely antioxidants, dripp.ng-prevent.ng agents^ 
polymer processing auxiliaries, flame retardants. impact resistance improver, plasticizers. lubncants. ultraviolet ab- 
sorbers, pigments, glass fibers, fillers, polymer lubricants and so forth, may be incorporated in the resin compositions^ 
[0069] As specific examples of the antioxidants, there may be mentioned, among others, phenolic ar "'oxidants sue n 
as tris[N-(3,5-di-tert-butyl-4-h y droxybenzyl)] isocyanurate (e.g. ADEKA STAB AO-20. product of ASAH DENKAy to - 
rakis[3-(3,5-di-tert-butyl-4-hydroxyphenyl)propionyloxymethyl]methane (e.g. IRGANOX 1010. product of C.ba Special- 
ty Chemicals). butylidene-1.1-bis(2-methyl-4-hydroxy-5-tert-butylphenyl) (e.g. ADEKA STAB 

DENKA) and 1,1.3-tris(2-meth y l-4-hydroxy-5-tert-butylphenyl)butane (e.g. Yoshinox 930. product of Yosh.tom. Fine 
Chemicals), phosphorus-containing antioxidants such as bis(2.6^i-tert-butyl-4-methylphenyl) pentaerythritol phos- 
phite (e.g. ADEKA STAB PEP-36. product of ASAH I DENKA). tris (2. 4-di-tert-butylphenyl) phosphite e.g. ADEKA 
STAB 2112 product of ASAH I DENKA) and 2,2-methylenebis(4.6-di-tert-butylphenyl) octyl phosphite (e.g. ADEKA 
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lo^'nl ? y be mentione * ^ ong ° th n e ; -c acid and melamine cyanurate, and boron compounds such as boron 
i a nH k ^P 011 "* 3 SUCh !f ^ ST. ^nosphprus-containing compound such as triphenyl phosphate, con- 
oxide and z.nc borate. The combined use wrth e P™ S P 0 » cgse the use of the po , y organosiloxane- 
« esters or stabilized ^£^^^,5^^ in compositions containing a pho^ho™* 

rO074i ed F?Z b l „ „ iP wDoint, the level of addition of these additives is preferably 0.1 to 20 parts, 

mnl n ! effect - cos t Glance v.ewpo nt, ^ ^ thermop|astic resin . 

[007 5 1 P ? 0 2 10 10 PartS ' m tsi ion o Z ined can be molded by applying those molding methods used in 
Eg I^^~^^ 0 .s. name,y inaction mo.ding. extrusion molding, b.ow mold.ng. 

SUtS 8 'TTt S ° forth - „ moldings obtained from the flame retardant resin composition according to the 
K aLa of ,h aPP ' iCati0n 0fth6 ^u a ^restricted but include those fields where flame retardancy is required. 
foTexaml i ent ' 0n ^ ^To various OA/information/household electric/electronic appliances such as 
desktnnT " S,n9S 3nd ChassiS p3rtS tower type computers, server computers, printers, copiers, fax machmes, 
^ZSmaT 0 * T 'ions an Tvideo' recorders, various building parts and various automotive parts. 



Second aspect of ths ir 



f00781 Tho . ■ ma araft copolymer according to the second aspect of the invention is ob- 

22 e b ^oofl" 0 ^" 05 '' 0 ^" 6 - 00 "^ a v?ny monomer (B) comprising 100 to 50% of a polyfunctional monomer b- 
) con aNno .ST ,2m9 ° * 1 ° **** £ unsa urated bonds and 0 to 50% of another copolymerizable monomer b- 

such a l P b J^ en2at, ° n bUt the meth ° d t ^ber or butadiene rubber. Thus, a hard polymer such as a butyl acrylate- 
sCne^LST.? 35 bUty ' aC ^' a ^rSTpolymer, butyl acry.ate-acrylonitrile copolymer, butyl acrylate- styrene- 

SosTr'K^"^ iS draStiCa " y Varied - w oolymer to swell in the organosiloxane, it is first important that the polarity 
She ik ^oZT , MK theab,,ity ° f S& «dSp ed to the organosiloxane. Secondly, it is effective to markedly reduce 
the no£SZ7J £ ^ P ° ,ymer feting the use of a chain transfer agent, applying a high polymenzabon 

te m perS a S? ^SSBT? a & amount. A number average molecular weight of the seed polymer ,s 
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no. more «,,„ ,0,000, m „re pM* * «— ' — ■■ — «*» * ^"'^ 
by GPC analysis (relative to polystyrene standard). nnh _„ is an orqa nosiloxane which 

is a monomer component of a polyorganosiloxane (A^ • r-or e n xam P'^ o Ctame thvlcvclotetrasiloxane. 
from octamethylcyclotetrasHoxaneftne above -organos^c ^^^^^ ° f 20 « meS (by 
[0083] The hydrophilicity of the seed ^^^^SS.lSSi the mixture at 23 -C for 1 hour, and 
weight) that of the seed po.ymer in a dry state to the dry seed polymer g ^ ^ ^ „ 
measunng the extraction rate of the polyme ^ ^ ^ preferably not less than 50%. The upper limit may 
sufficient. Preferably, however, the value is not less than 10 A, more preie y 

™2,f le ^' " 0t m ° re tha " 10 ° % - A iwmer to the organosiloxane can be determined by adding the organosi- 
0084] The swelling capacity of the seed ^^^VeSJoZer, to the seed po.ymer latex, stirring the mixture 
loxane, in an amount 50 times (by weight that of ^.^^Y^Tl ° ratio JLL n the latex particle diameter 
at 23 -C for 1 hour, and determining the rate of swe. ^by is sufficient. Preferably. 

nTevS 

fX"e^^^ 

light scattenng method or electron m.c^s£»P'C observation ano a p « r ^ ^ ^ Those 

it is not less than 0.01 urn. As for the upper ^%^ZZ^io become difficult to produce. When the 
particles smaller than 0.008 urn in volume ^^cy and impS resistance tend to decrease, 
particles are greater than 0.6 urn. the flame re ^^ Qn ^ polyorga nosiloxane (A2) includes, within the mean- 
0087] In accordance with the second aspect of the anosiloxanes containing not more than 5% 

r 0 rorX'^ 

or a butyl acrylate-styrene copotymer. for instance. mentioned polydimethylsiloxane particles. 

[0088] Asspecificexamplesofthepoiyorganos,^^ 
polymethylphenylsiloxane particles, dimethylsiloxane-diphenyisiioxane v y 

be used singly or two or more of them may be used in mmbina polymerizing (1) an organosiloxane. 

[0089] The above polyorganosi.oxane <A2) can £ '^^S^^a^.i) ™ organosiloxane 
(2) a bifunctiona silane compound. (3) an ° r ^° n ™ pound {5 ) a Afunctional silane compound and a v.nyl.c po- 
P ° ,ymeri f b,e ^-^"^J^ a bifunctiona. silane compound and a vinyho 

lymenzable group-contammg silane compound, or w g ^ ^ ^^^a, sllane com- 

polymenzable group-containing silane compound optona^r?» ^ fa ^ ^ aspect rf ^ jn _ 

optionally together with the at least trifunctional silane compouna. i ne me h 

ro b 09i e i re ¥h? 9 ^ 3SPeCt ° f , the inVe "r°fB) is used for enhancing the flame retardant and impact resistance- 

mnrni I abov *- mentl ° ned monomer (B) ms _ u polyfu nctional monomer (b-1) contaming two 

improving effects. It comprises 100 to 50%. P T f*™*Z 'feraby 0 to 20%. of another copolymerizable monomer 
or more polymerizable unsaturated bonds and O to 5 \0% P^«W <■ no ^ copolymerizable 
(b^). Whenthe proportion ofthepolylunctiona.^ 

monomer (b-2) ,s excessive, the graft copolymer and of tne copolyrne rizable monomer (b-2) . there may 

resistance. As examples of the polyfunction I "JSS £ JiSg to the first aspect of the invention. 
££T TH ed f Same ° neS 33 menti ° ned he ;^sT^mpoTent to be used for obtaining the po.yorganosi.oxane- 
[0092] The above-mentioned vinyl monomer (C) * a p compatibi , ity between the graft copolymer 

containing graft copolymer. It is also a ™P^^^2£ thermoplastic resin uniformly for the improve- 
and a thermoplastic resin to thereby disperse th ^ ^oSing the graft copolymer in the thermoplastic resin. As 
ments in flame retardancy and impact resistance Dy mcory « i » copolymerizable non- 

specific monomers, there may be mentioned the same ones as mentioned above as 

SS?i (b 2 inC '? ded in V ' nyl mon ° mer (B> ; aft copolymer according to the second aspect of the invention can be 
[0093] The polyorganosiloxane-containing ^ 1 ^ more preferably not less than 2 parts, but 

obtained by polymerizing 0 to 10 parts (preferably nox less inc y 



11 



EP 1 475 396 A1 

30 to 95 parts (as solid content) (preferably ^J^^^J^ and further polymerizing 5 to 70 parts (pref- 
not more than 75 parts) of the ^^^^ ^2^^ preferably not more than 39 parts, more 
erably not less than 15 parts, more preferably no ; less than & pans p , when 

f: ef - b \no;-rethan 38P arts,ofth^ 

ttie amount of the polyorganosiloxane (A2) -s too * ? nef , ame retardant and impact resistance improving 
2^??°""™**? improving effect tends to decrease. When 

effects tend to decrease and, when rt is excess ve v retardant ef f e ct tends to lower in either case. 

[0096] Jhethus-obtainedgraftcopolymer-sincorp As examp , es of the thermoplastic resins, there may 

rO0971 Th , .T 8 ° neS 33 men r^mentioned polyorganosiloxane-containing graft copolymer to such a ther- 
1 moDlli 61 ° f add,ti0n ° f thS 3b ^ oer 10 parts fo the thermoplastic resin from the good flame retardancy 

mop astic res.n is preferably 0.1 to 30 parts per _ 100 pans o not less than 0.5 parts, still more preferably not 

and .rnpact resistance viewpoint. More l^^s^S^.^SiUy not more than 5 parts. 

[0099] On that occasion, one or more of addmv e s i irnprov er, plasticizers, lubricants, ultraviolet ab- 

pofymer processing auxiliaries, flame ^"^^^ IrU-ratod in the resin compositions, 

sorters, pigments, glass fibers, fillers, polymer ^^^^^l^J^ invention may be mentioned. 
SSF^r 6XamP,eS menti ° ned •^SS2S?£ molded byapplying those molding methods used in 

2 9 jss^^fss^ — v — * — n mo,din9 - b,ow mo,d,ng - 

miw'SS S ° f ° rth - nldinos obtained from the flame retardant resin composition according to the 

SlotlhTrn^ 

BEST MODES FOR CARRYING OUT THE INVENTION 



n tho f 1. • . invention more specifically. They are, however, by no means limitative 

scone If*™ 9 eXamP ' eS ''" UStra a examples and comparative examp.e. the measurements and tests were 
i scope of the invention. In the following exar»H » 



[0103] 

°f the 

carried out as follows. 



[Degree of conversion in polymerization] 

r0104l t,,„i ( . •„„ chamber at 120 °C for 1 hour, the remaining solid matter was weighed, 



[Toluene-insoluble matter content] 

roiosi ahc ,„ <ane particles recovered from the latex by drying was immersed in 80 

Sue;^ 

toluene-insoluble matter in the ^knosHoxane particles was determ.ned. 
[Acetone-insoluble matter content] 

I010SJ on. 9ram „ „ gra „ ropoVmer „, S >" <» - - — - 23 ' C «* « T " e "' 8ter '° 
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5 fVo,ume av erage particle diameter] 

roiOTi tl , mpters0 fthe seed polymer, polyorganosiloxane particles and graft copolymer 

& NORTHRUP INSTRUMENTS' MICROTRAC UPA as the meas- 
ZZ 21 I" 6 ' 6aCh 3 lateX f ° m - X diameter (urn) and the coefficient of variation in particle diameter d.stn- 

[Impact resistance] 

Ih. e„ toton _ ma „ „ «*. - - «• - - ^ ' C " 23 ^ — — ' " 
^ according to ASTM D 256. 

[Flame retardancy] 

WO* The evaluation was made by carrying out the test V according to UL 94. 
20 [Hydrophiliciry] 

fOUoi i a , , hoHout in a beaker in such an amount that solid content of the seed polymer 

was LtT I 566 ' P °' ymer W3S W6 ' 9 Hried in a drier at 120 °C, and was weighed precisely. A 100 g portion of 
water S ' £ ^ ' afeX was completely dned m 23 OQ for 1 hourf and then fllte red through filter paper. 

* S^was d t0 ? edry S6ed P°' ym ^t ecov^r water-soluWe matters, and then the water-so.uble matters were 
weighX^y^S 
[Swelling capacity] 

» f01in Th , . umer in a latex form was measured by MICROTRAC UPA. A emulsified 

Z d obJfnLT' 016 d,amefer of the Se6d , ^tLCthylcyclotetrasiloxane). in an amount of 50 times (by weight) tha of 
the se2 1"^ bym,Xin 9 o'ganosiloxane ^^Ln aqueous solution of Emal 2F (product of Kao) was incorporated 
^TZ7Z:uV State ' and ° " % Zer and mixed. After one-hour stirring at 23 -C. particle diameters were 

™*™XSoZcwl rZ d £?°^ emn9 by v °' ume W3S Ca,CU ' ated bY *" f ° ,,OWin9 

(The rate of swelling by volume) = 

-,-~meter after swelling measured in latex) / 
{(Particle diam 

♦«r before swelling measured in latex)} 3 -1 
(Particle diameter o 

^i^^pecj^nhejny^^ 

(Reference Example 1, Production Qf poly org*nosiloxane particles (S-1) 

10112] Anemulsionwaspreparedbv stirring an aqueous solution composed of the following components at 10. 000 
Tm for 5 minutes using a Homomixer 





Amount (parts) 


Component " 

™^ er ^^nesulfonate (SDBS) 
Sodium dode C ylb^.J ane (D4 ) 
Octamethylcyc/otetr^ tny|silane (MPDS ) 
Mercaptopropyldirn^lL— : 


251 
1.0 
95 
5 



"■^n-ajjiupropyjcj " — — — 

[0113] A5-neck.Hr. . reflux condenser, nitrogen inlet, inlet for adding monomer - and ther- 

mometer was ^^S^u7-I^ * ^ ^ Stirri " 9 ^ SySt8m ' " ^ aqU8 ° US 
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decy,benzenesu,fonic acid (DBSA) (1 pa* as solid ™ te ^Taf^ 

C and, after 20 hours of stand.ng, the pH ot ne y obtained. The degree of conversion, and 

were determined. The results are shown in Table 1 . 

(Reference Example 2) Production of polyorganosiloxane particles (S-2) 

[0114] A 5-necked flask equipped with a stirrer, reflux condenser, nitrogen inlet, inlet for adding monomer and ther- 
mometer was charged with the following components. 



Component 


Amount (parts) 


Pure water 
SDBS 


189 

1.2 



mixture composed of 



Component 


Amount (parts) 


Styrene (St) 

Butvl methacrylate (BMA) 


0.7 
1.3 



5 minutes to 9 iv. an emulsion of the polyorganosiloxan.-fomang eompon.nts. 




rn. .7. T u . . latex was maintained at 80°C, a 10% aqueous solution of DBSA (2 



^0 hours. Thereafter, t. . 

enzation. A latex containing polyorganosiloxane particles (S-2) v, 

, 1L »r j tn „ sne . lns 



terminate the polym- 
obtained. The degree of conversion in polymeri- 



zation andthp U ni„ m " — r, ^fmeter and toluene-insoluble matter content of the polyorganosiloxane par- 
MeZT^e TZZT^ ar^shown in Table 1. As is estimab.e from the charge amounts and degree 

of ^CS22?pSi in the po,y T ganosi,oxane r icle latex is composed 

polyorganosiloxane componenTand 2% of the St-BMA copolymer component. 





Reference 
Example 1 


Reference 
Example 2 


Polyorganosiloxane Darticies 


S-1 


S-2 


Degree of conversion of polyorqanosiloxane component (%) 
I Average particle diameter &rn)_ 


87 
0.14 


87 
0.04 
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Reference 
Example 1 
35 


Reference 
Example 2 
35 


Coefficient variation (%) 
Toluene- insoluble matte^comen^ 


0 


0 



(Examples 1 to 5 and Comparative Examples 1 to 4) 

f01 181 a «^no^ „ „ , ■ a with a stirrer, reflux condenser, nitrogen inlet, inlet for adding monomer and ther- 
moml 1 6d " aSk eqU ' PP ™ water 0 2 parts of sodium formaldehyde sulfoxylate (SFS), 0.01 parts of 
2TL W3S CH f r9ed ^ 300 P3rtS J ? ,m sate EDTA) P 0%25 parts of iron(ll) sulfate, and an amount specified in 
Sbte 2 ofrr etraaCetlC 3Cid d,S 1Ss (AV While stirring the system, the temperature was raised to 60 °C in a 
nTtrogen l^^T" 0 **™, "t et'c a mixture of the monomer (s) (B) and radical polymerization initiator each 
A ! er arriVa ' unt spewed in Table 2 was added ali at once, and the system was stirred at 60 
•C fo fhou^ J T " a " LeSed in Table 2 was added dropwise over 3 hours and. after complete of 
h» the monomer (C) P llirred for 1 hour to give a graft copolymer in a latex form. 

ch oni Jo T X WaSthendi,utedWlt ^ P S whereby coagulated slurry was obtained. The coagulated s.uny was 
heateS t 80 5\T ^ C ° ntent) ^' nd dehydrated and dried to give a po.yorganosi.oxane-based graft copolymer 
fan of S G1 to' t^ C0Oledt0 ^^ % G -i d in a powder form. The degree of conversion in polymerization, volume 
average £11 T * SG " _1 * ffnsolubte matter content for each copolymer are shown in Table 2. 
[0120? Jf ?»h? ^ ^ and 3C 1 ;.v. methacrylate. BA for butyl acrylate, MMA for methyl methacrylate, AN for 
S itr elfnev 17 ^ T CHP * cumene hydroperoxide (radical polymerization initiator), and Polymer 
Spttlu^ monomer (s) (C) (as determined by the method described here.n). 
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5 j 


L | O 
I I * 


1 1 1 


1 o o p 
' w - d 


j 9.95 


1 60 

1 CO 


o 


T 

b 

CO 


i Examples 
3 

70 


m | p 

T" ' O 


co 

g , , g 


CD* 


IT) CO 
CO CO 


CO 


CO 

1 

b 
to 


I 


CM j O | 


- " l 




<N 
CD 


ro So 


o 


b 

00 


15 1 t 


-| S 1 


1 1 1 


sill 


in 

CM 
CO 


1 co 

1 CO 


to 


T 
o 
to 


20 I 


"»| 1 g 




27.75 
0.08 


lf> 
o> 
ai 


CO CO 


in 

oo 


s 

00 


25 I 


*| ^ 1 


« 5. 


S 1 • 1 


ur> 

CO 


CO CO 


CO 
OO 


to 


1 E 

,3 


O O J 


- 1 1 


a | ' § 


e3 
ai 


CO CO 


o 

CO 


z 

to 


35 I 


CM J O | 


- 1 1 


siil 


c3 
ai 


co co 


in 

CO 


CM 

6 

00 




-I g | 


CO 1 | 


to 


ai 


CO S 


CO 
CO 


T 
o 
oo 


40 I 


I I £ 


0 2 5 


i « s i 


O 


m C 


1 

- E 


z 


45 I 
50 " 


Polyorganosiloxane 
particles (AI) 
(parts) 

(solid content) 


J 


Vinyl monomer (C) 
(parts) 


t/j ^ 

n 


Degree of conversioi 
(%) 


Acetone-insoluble 
content (50 


Graft polymer 



(Examples 6 to 11 and Comparative Examples 5 to 11) 
Rendering polycarbonate resins flame-retardant 

[01211 A Doh,™* . >,i„n FN 2200A, product of IDEM1TSU PETROCHEMICAL; or PC-2: 

Tough on FN 900A° n ! reS ' n ^ T ° U ££?ROCHEMICAL) and the polyorganosiloxane-based graft copolymer 
-^In^SSS^^^^ £-5) or the poiyorganosiloxane-based graft copolymer obta.ned ,n any 
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of Comparative Examn.oc 1 to i /SG'-1 to Sff-4) were blended together according to the formulation shown in Table 

3- The abb eviatfor PE 36 s Ids to phosphorus-containing antioxidant (ADEKA STAB PEP36. product of ASAH. 

DENKA) and PT« if fl , leLene (Polyflon FA-500, product of DAIKIN Industries). 

10122] pTeZZ knea * n 9 e3Ch COm P° Und 3t 27 °° C ° n 3 tWi "' SCreW eXtrUd6r ^ ^ 

evaluation and 11/1 Sf wns for flame retardancy evaluation using FANUC* s FAS 100 B injection mold.ng 
^inesetafa^ 
ods described hereinabove 
f0123] The results are shown in Table 3. 
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Table 3 
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[0124] From Table 3, it is seen that the graft copolymer according to the first aspect of the invention can highly 
improve the flame retardancy-impact resistance balance of the polycarbonate resins. 
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(Example 12 and Comparative Examples 12 and 13) 

Rendering a polycarbonate/polyethylene terephthalate mixed resin flame-retardant 

r01 ,r, D „, „. . ,„ rpsin (PET BELLPET EFG-70, product of Kanebo Gohsen) and the poly- 

nrl* * ' 3 polyethv,ene terephthalal » Qrtne p o, yo rganosiloxane-based graft copolymer 

«£ 1)l°? ne ^ d 9raft COP ° lymer f "l we« •» *• formulation shown in Table 4. 
0126 PS!" Com P arativ t Exa 7 6 Q n T neading eaS compound at 270 °C on a twin-screw extruder (TEX 44 

evaluation and l/« forSali^etardancy evaluation using FANUCs FAS 100 B injection mold.ng ma- 

described hereinabove. 

[0127] The results are shown in Table 4. 

Table 4 







Example 12 


Comparative 
Example 12 


Comparative 
Example 13 




Thermoplastic resin 


PC-1 J 


90 


90 


90 


20 




PET 


10 


10 


10 




Graft copolymer 


SG-1 
SG-1 


4 


4 
4 




25 


Antioxidant 


PEP36 


0.3 


0.3 


0.3 




Dripping-preventing 
agent 


PTFE 


0.5 


0.5 


0.5 




Flame retardancy 


Total combustion time 


50 


65 


190 


30 


Impact resistance 


(see) 
Dripping 
23°C(kJ^2____ 


No 
75 


No 
60 


Yes 
41 



[01281 From T.hu a • t , ,h. craft copolymer according lo the invention can nigmy imoro™ .... ...... 

Sgcond aspect of the invpntinn 
(Examples 13 to 18) 

[01291 Wat*r unn „ , Was solid content) given in Table 5 of sodium dodecylbenzenesulfonate 

SDBS) we ' 22 PartS) and 30 3m ° U °t equipped with a stirrer, reflux condenser, nitrogen inlet, inlet for adding 
monome^D T P " 3 5 - net * ed ^ ra »u e was raised to 50 °C and. after arrival of the liquid temperature at 50 
TZZ ^*™ e " the " the f m xture of 10 parts of butyl acrylate and 3 parts of tert-dodecy.mercaptan 
i aSS n T e eCted ThS "' s so content) of paramenthane hydroperoxide was added, and the po- 

~™ 

[0l?0? e TJSJJI T"" Sh ° Wn in JTr?er reflux condenser, nitrogen inlet, inlet for adding monomer and ther- 
momlrtL chtln ,K e<,U,PPed * ioecif.ed in Table 6 in an amount (as solid content) specified in Table 6^ 
TheTln J , 9 d W ' th 3 Seed Po'y^ SP ° components as separately prepared by stirring a mixture composed 
o f 3 oV^ ° f octametUclotetrasiloxane and 5 parts of 

SyC hv I ' f (aS S °' id SliTa 7 000 rpm for 5 minutes using a Homomixer was added all at once. 
SS^CtwH methaCrylate (D f^ec^.oenz e nesu.fonic acid (1 part as solid content) was added and. with 
stirring the syJerr IL* ° t2dS 80 °C in a nitrogen atmosphere. After arrival at 80 °C, stimng was 

continued^ 
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the P H was adjusted to 6.4 with sodiu. hydroxide to stop the polymeric. Latex containing polyorganosi.oxane 
raiSr Th S thUS c ° btained - • pd with a stirrer, reflux condenser, nitrogen inlet, inlet for adding monomer and 
EL I ' " 5 " n8Cked flaSk ^Tnfure water and 70 parts (as solid content) of the above polyorganos.loxane 
thermometer was charged with 240 parts of \ I njtr atm0 sphere. After arrival at 40°C, 

and 0 S^ S ° d,Um fo ^afdehydesulfoxylate(S F S) o o p y^ ^ m ethaaylate (MMA) and 

06 J2 / ° f ir ° n (M) SU,f3te We ^fo D eroxide was added dropwise over 1.5 hours. After completion of the 

IOuT't^T Tab ' e 6 - ,k „ re waterto a solid concentration of 15%. a 25% aqueous solution of calcium 
SSL fit* ^ ft-n d, ' Uted W Sed The thus-obtained coagulated slurry was heated to 95 -C. then cooled 
to 50 J l P ri a ? h a !* 0lid conlent ) W3S a polyorganosiloxane-based graft copolymer in a powder form. 
01341 Th "grated and dried to g-ve a polyo 9 ^ ^ (demits(j pETR0CHEMICAL) and the above 

To voLnn 3 po 'y carb °"ate resin Cr«S hl «^ J ere b|ended { e]hev according t0 the formulation shown 
fn S 6 ;n° X H ne " baSed 9raft COP0,yn1 ^ used was polytetrafluoroethylene (Polyflon FA-500. product of DAIKIN In- 
Iwes) an^r PP : i 9 - preVentin9 ^ture of a phosphorus-containing antioxidant (ADEKA STAB PEP36, product 
of ASAHI DENk J I US6d ? ^dant (Topanol CA, product of ICI Japan). 

[0135? PeLl > 3nd 3 Phen °' iC ""Tn an I kneading the thus-obtained compound at 270 °C on a tw,n-screw ex- 
» E m5£ r Pr0duced by me,t,n ? works) The pellets obtained were molded into 1/8 inch test specmens for 
J^r(TCX44SS. P^duct of Japan Steel Wo* s - P re tardancy evaluation using FANUC's FAS 100 B 

SITS" 08 eVa ' Uati0n and 1/16 L" C ^raturVo 280 'C. The tesTspecimens obtained were eva.uated by 
SaTi^ 
^ of the moldings are shown in Table 6. 

(Examples 19 and 20) 

[01361 A*n x. tirrer reflux condenser, nitrogen inlet, inlet for adding monomer and ither- 

Se r l 5 ;! h Cked ? Sk ec > uip P ed With " f s Sed in Table 6 in an amount (as solid content) specified in Table 6^ 
» The? an e "It T 3 Seed P^trSng components as separately prepared by stirring a mixture composed 
of 300 iST f P°'yorganosiloxane-forrn.ng F oc tamethylcyclotetrasiloxane and 5 parts of 

mer^r ^ ° 5 parts < as s °' id C °nMS at 7 000 rpm for 5 minutes using a Homomixer was added all at once 
[0 ^1 ZT^T' meth0XySi,ane ^odecylbenzeneTulfonic acid (1 part as solid content) was added and. with 
sfirrinn »h . % aqUe0US solution ° f H to 80 °C in a nitrogen atmosphere. After arrival at 80 °C. st.rnng was 

foTssl 68 ThPn ° btained - - th a stirrer, reflux condenser, nitrogen inlet, inlet for adding monomer and 

thermLo? ne ° ked flask equipped With as ^ polyorganosl | 0xan e 

0 2 parts of,nH f 9 6 System ' the teTnP SfS) 0.01 parts of ethylenediaminetetraacetic acid disod.um salt (EDTA) 
aod P 0 2o25 ° a mixture of 3 parts of ally! methacrylate (ALMA) and 0.01 

pal(asso, P d^ 

Then fnS , ] ° f CUmene hydroperoxide ( |jd content) of cumen e hydroperox,de 

™^ 

latex was th,« I !f 5 hours ' After C ° oarticle diameter is shown in Table 6. 

[Olir t! I f r d - The vo,ume average part' concentration of 1 5 o /oi a 25 . A aqu eous solution of calc.um 

S (I part?a7s aS , ^ ndi,UtedWith The thus-obtained coagulated slurry was heated to 85'C. then coo.ed 

to 50 °c IS iT „ COntent > was added- ' nosiloxane . baS ed graft copolymer in a powder form. 

[01401 Th ddehydrated and dri *< to give a P ol ^ 900Ai product of IDEM1TS U PETROCHEMICAL) and the above 
PolyorganosteL^ h Carb ,° nate reS ' n oowder form were blended together according to the formulation shown 

in Table 6 Tn. r S6d 9raft ^lymer in polytetrafluoroethylene (Polyflon FA-500, product of DAIKIN In- 

dustries) dnpp,na -P rev enting agent us^d w 

[0141] p e i.p, 0 ^ m kneading the thus-obtained compound at 270 °C on a tw.n-screw ex- 

truder (TE> 44 sq P . r ° dUCed by meltin9 an 5<s) The pellets obtained were molded into 1/8 inch test specmens for 
impart rSt^L XTT 0 ' JapanSteel ^^ioimens for flame retardancy eva.uation using FANUCs FAS 100 B 
inject^ mo w"o m H Uat, ° n and 1/16 inct1 ^oeSture of 280 =C. The test specimens obtained were evaluated by 
the evaLTon ZZT'T " * * The results of the impact resistance and flame retardancy evaluations 
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of the moldings are shown in Table 6. 
(Comparative Example 14) 

[0142] Formulation, molding and evaluations were carried out in the same manner as in J^JStof 
that the polyorganosiloxane-based graft copolymer was not added in formulating the polycarbonate res.n composition. 
The results are shown in Table 6. 

(Comparative Example 15) 

[0143] Synthesis, coagulation, heat treatment, dehydration/drying/powderformation, formulation, molding , anc I eval- 
uations were carried ou^ in the same manner as in Examples 13 to 18 except that no seed polymer was added m 
polymerizing the latex containing polyorganosiloxane particles. The results are shown in Table 6. 

(Comparative Example 16) 

[0144] Formulation moldina and evaluations were carried out in the same manner as in Examples 19 and 20 except 

thatthipolyorganfc 

The results are shown in Table 6. 

(Comparative Example 17) 

[0145] Synthesis, coagulation heat treatment, dehydration/drying/powder formation, formulation, molding and eval- 
uations were carried out in the same manner as in Examples 19 to 20 except that no seed polymer was added ,n 
polymerizing the latex containing polyorganosiloxane particles. The results are shown in Table 6. 
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Seed 4 


Sodium dodecvlbenzenesulfonate (phr) 
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2 
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Butyl acrylate (phr) 


100 


100 


100 


100 


tert- Dodecylmercaptan (phr) 


30 


30 


30 


30 


Average particle diameter (u.m) 


0.04 


0.06 


0.08 


0.09 


Hydrophilicity (%) 


80 


80 


80 


80 


Swelling capacity (times) 


10 


8 


6 


5 
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flame retardancy-impact resistance balance when added to thermoplastic resins. Furthermore, thermoplastic resin 
compositions excellent in flame retardancy-impact resistance can be provided when the flame retardant is incorporated 
in thermoplastic resins. 



1. A polyorganosiloxane-containing graft copolymer 

which is obtainable by polymerizing 0.5 to 10 parts by weight of a vinyl monomer (B) comprising 1 00 to 50% 
10 by weight of a polyfunctional monomer (b-1 ) containing two or more polymerizable unsaturated bonds and 0 to 

50% by weight of another copolymerizable monomer (b-2), in the presence of 40 to 90 parts (as solid content) by 
weight of polyorganosiioxane particles (A1), 

followed by further polymerization of 5 to 50 parts by weight of a vinyl monomer (C), 
15 with the sum of (A1) , (B) and (C) being 100 parts by weight. 

2- The poiyorganosiloxane-containing graft copolymer according to Claim 1 , 

wherein the polyorganosiioxane particles (A1) have a volume average particle diameter of 0.008 to 0.6 

3. The polyorganosiloxane-containing graft copolymer according to Claim lor^, 

3 ,£ herein the vi "y' monomer (C) gives a polymer thereof having a solubility parameter of 9.15 to 10.15 (cal/ 

4- The Polyorganosiloxane-containing graft copolymer according to any of Claims 1 to 3. 
. wherein the polyorganosiioxane particles (A1 ) are in a latex form. 

5- The Polyorganosiloxane-containing graft copolymer according to any of Claims 1 to 4, 

wherein the vinyl monomer (C) comprises at least one monomer selected from the group consisting of aro- 
matic vinyl monomers vinyl cyanide monomers, (meth)acrylate ester monomers and carboxyl group-containing 
vinyl monomers. 

6- A flame retardant 

which comprises the polyorganosiloxane-containing graft copolymer according to Claim 1. 

7. A flame retardant resin com D osition 

which comprises 0 1 to 30 parts by weight, per 100 parts by weight of a thermoplastic resin, of the flame 
retardant according to Claim 6 as incorporated in the thermoplastic resin. 

8- The flame retardant resin composition according to Claim 7, 

wherein the thermoplastic resin is a polycarbonate resin. 
9. A polyorganosiloxane-containinq graft copolymer 

which is obtainable by Dolvmerizing O to 10 parts by weight of a vinyl monomer (B) comprising 100 to 50% 
by weight of a polyfunctional mer (b-1 ) containing two or more polymerizable unsaturated bonds and 0 to 
50% by weight of another copolvmertzable monomer (b-2), in the presence of 30 to 95 parts by weight (as solid 
content) of a polyorganosiioxane (A2) »n a latex form obtainable Dv seed polymerization using, as a seed polymer, 



a hydrophilic polymer capable of swelling in the corresponding organosiloxane, 

followed by further polymerizing 5 to 70 parts by weight of a vinyl monome! ^„ 
with the sum of (A2) , ( B ) and (C) being 1 00 parts by weight. 

10. Thepolyorganosiloxane-containina graft copolymer according to Claim 9. 

wherein the seed polymer has such a degree of hydrophilicity that the extraction rate of water-soluble com- 
ponents in dry seed polymer is m 1 00% by weight, as determined after adding water, in an amount of 20 weight- 
times that of the seed polymer in a drv state, to the dry seed polymer, followed by stirring at 23 °C for 1 hour and 
wherein the seed polvm P r *hows such a degree of swelling in the organosiloxane that the rate of swelling 
by volume as determined fro th tio between the latex particle diameter after stirring and the latex particle 
diameter before stirrinq is 3 tn^n r ^ J after adding the organosiloxane, in an amount 50 times by weight that of 
the dry seed polymer, to the seed polymer latex, followed by stirring at 23 °C for 1 hour. 
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11. The polyorganosiloxane-containing graft copolymer according to Claim 9, 

wherein the seed polymer has such a degree of hydrophilicity that the extraction rate of water-soluble com- 
ponents in dry seed polymer is 50 to 1 00% by weight, as determined after adding water, in an amount of 20 weight- 
times that of the seed polymer in a dry state, to the dry seed polymer, followed by stirring at 23 °C for 1 hour and 
wherein the seed polymer shows such a degree of swelling in the organosiloxane that the rate of swelling 
by volume as determined from the ratio between the latex particle diameter after stirring and the latex particle 
diameter before stirring is 3 to 15 times after adding the organosiloxane, in an amount 50 weight-times that of the 
dry seed polymer, to the seed polymer latex, followed by stirring at 23 "C for 1 hour. 

12. The polyorganosiloxane-containing graft copolymer according to any of Claims 9 to 11, 

wherein the vinyl monomer (C) comprises at least one monomer selected from the group consisting of aro- 
matic vinyl monomers, vinyl cyanide monomers, (meth)acrylate ester monomers and carboxyl group-containing 
vinyl monomers. 

13. A flame retardant 

which comprises the polyorganosiloxane-containing graft copolymer according to Claim 9. 

14. A resin composition excellent in impact resistance and flame retardancy 

which comprises a thermoplastic resin and the flame retardant according to Claim 13 as incorporated therein 
in an amount of 0.1 to 30 parts by weight per 100 parts by weight of the thermoplastic resin. 

15. The resin composition according to Claim 14, 

wherein the thermoplastic resin is a polycarbonate resin. 
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